The Commission on Isotopic Abundances and Atomic Weights (ciaaw.org) of the International Union of Pure and Applied Chemistry (iupac.org) has revised the Table of Isotopic Compositions of the Elements (TICE). The update involved a critical evaluation of the recent published literature. The new TICE 2013 includes evaluated data from the "best measurement" of the isotopic abundances in a single sample, along with a set of representative isotopic abundances and uncertainties that accommodate known variations in normal terrestrial materials.
Introduction
The Commission on Isotopic Abundances and Atomic Weights (hereafter called the Commission or CIAAW) of the International Union of Pure and Applied Chemistry (IUPAC) has provided regular assessments of the standard atomic weights and isotopic compositions of the elements. The first Table of Isotopic Compositions was published by the Commission in 1931, based on the work of Francis W. Aston, and it included only seven elements [1] . Since then, CIAAW has evaluated the isotopic compositions of all elements having a tabulated standard atomic weight by examining the most accurate and precise isotopic-abundance measurements in selected samples through its Subcommittee for Isotopic Abundance Measurements (SIAM), its predecessor Subcommittee on Assessment of Isotopic Composition (SAIC), and by compiling evidence for known variations of the isotopic abundances of the elements in normal materials through its former Subcommittee on Natural Isotopic Fractionation (SNIF). By a "normal material" CIAAW means a material from a terrestrial source that satisfies the following criterion [2] :
"The material is a reasonably possible source for this element or its compounds in commerce, for industry or science; the material is not itself studied for some extraordinary anomaly and its isotopic composition has not been modified significantly in a geologically brief period."
The results of these investigations are important for a number of reasons. The evaluated best measurements indicate the state of the metrology of isotope-abundance measurements, the best measurements provide benchmark data for isotopic reference materials, and the combination of best measurements and documented variations serve as the basis for the standard atomic weights of the elements.
The current Table of the Isotopic Compositions of the Elements, TICE 2013, was produced by CIAAW to accompany the 2013 Table of Standard Atomic Weights of the Elements (TSAW 2013) [3] . The previous table of the isotopic compositions of the elements, TICE 2009, was published in 2011 [4] , following CIAAW deliberations in 2009. TICE 2013 is intended to include data for normal materials and does not include published values for meteoritic or other extraterrestrial materials. Additional supporting data and background information can be found in the reports of de Laeter et al. [5] and Coplen et al. [6, 7] .
Consistency with the atomic weights
Care has been taken to ensure that the representative isotopic abundances and uncertainties for all elements are consistent with the corresponding standard atomic weights and their uncertainties, including the twelve elements whose standard atomic-weight values are given as an interval. Isotope-amount ratios, isotopic abundances (also called isotope-amount fractions and atom fractions [8] ), and the atomic weight of an element are related quantities. For this reason, the information given in the Table of Standard Atomic  Weights and in the Table of Isotopic Compositions (Column 9) must be consistent with one another, as stated by CIAAW in 1983 [2] . Consider, for example, the standard atomic weight of copper, A r (Cu) = 63.546(3), and its representative isotopic composition, x( 63 Cu) = 0.6915 (15) and x( 65 Cu) = 0.3085 (15) . The atomic-weight value of 63.546 corresponds to isotopic abundances 0.6915 and 0.3085. Likewise, the atomic-weight value of, for example, 63.546 + 0.003 corresponds to isotopic abundances 0.6915 - 0.0015 and 0.3085 + 0.0015. In practice, however, matching the standard atomic weights, isotopic compositions and their uncertainties with the corresponding isotope amount ratios and their uncertainties is not an easy task considering that, over the last fifty years, the input data of these tables have been evaluated while statistical data treatment and other methods have changed. Nevertheless, care has been taken in this report to ensure that the representative isotopic abundances and their uncertainties for all elements (Column 9) are consistent with the standard atomic weights and their uncertainties.
Isotopic-abundance intervals for elements with intervals as standard atomic weights
Since 2009, standard atomic weights of selected elements are expressed using the interval notation to reflect the variability of atomic-weight values in normal materials [9] and to emphasize that atomic-weight values of these elements are not constants of nature [10, 11] . In keeping with these interval values of standard atomic weights, intervals for representative isotopic abundances of these elements are given in Column 9 of the Table  of Isotopic Compositions of the Elements (Table 1) . For elements with only two stable isotopes (H, Li, B, C, N, Cl, Br, and Tl), the lower and upper bounds of the isotopic abundances listed in Column 9 will agree with the corresponding bounds of the standard atomic weight to within ±1 in the last digit quoted. For elements with more than two stable isotopes (O, Mg, Si, and S), the reported isotopic abundance variations are calculated from the standard atomic weights using standard mass-dependent fractionation models (see discussion page 2551 of [8] ). The number of decimal digits in the isotopic-abundance intervals is determined in the same fashion as they are determined for the standard atomic weights. In particular, the number of decimal digits in the lower and upper bounds is determined so that the uncertainty in the last quoted digit is less than one.
Table of isotopic compositions
The [3] . Column 5: Annotations. g geologically exceptional specimens are known in which the element has an isotopic composition outside the reported interval. m modified isotopic compositions may be found in commercially available material that has been subjected to an undisclosed or inadvertent isotope fractionation. Substantial deviations from the listed isotopic compositions can occur (refers to Column 9). r range in isotopic composition of normal terrestrial material prevents more precise values (for Column 9) to be given. The tabulated values should be applicable to any normal material. Note that the annotations apply to all isotopes of a given element. Column 6: The best measurement of isotopic abundances from a single terrestrial source. The values are reproduced or recalculated by CIAAW from the original literature and are sometimes adjusted for minor errors or reformatted for easier reading. The uncertainties on the last digits are given in parentheses. As they are not reported in a uniform manner in the literature, numerals 1, 2, or 3 indicate the coverage factor applied to the standard deviation (s), to the standard error (standard deviation of the mean, s e ), or to the combined uncertainty (u c ).
C is appended for a fully calibrated measurement when gravimetrically prepared isotope mixtures have been used to correct the underlying mass spectrometric measurement results for bias. F is appended for a partially calibrated measurement when calibrated mixtures have been used to correct for measurement bias, but the measurement fails to fulfill all of the requirements of a "C" measurement. N is appended for a non-calibrated measurement. Users should be aware that a "best measurement" is not necessarily calibrated, nor is it necessarily free of systematic biases; it is just the best measurement available. Users seeking isotopic composition of unspecified natural sample should refer to Column 9. Column 7: Reference for the best measurement in Column 6. Column 8: Material that was used for the best measurement given in Column 6. An asterisk signifies that a substance is a recognized isotopic reference material [84] . The listed materials do not necessarily define the origin of the delta zero scale. Materials depleted in lithium-6 are common sources of commercial laboratory shelf reagents which is the reason for the wide interval of isotopic abundances given. [85] . However, the uncertainty of the nuclide masses is not taken as reported. Rather, all uncertainty estimates are expanded by a factor of six in order to conform to the conservative reporting practices of CIAAW.
Recommended isotope ratios
In addition to the standard atomic weights and the corresponding representative isotopic composition, CIAAW has recommended standard isotope ratios for selected elements. Nitrogen. [86] CIAAW recommends that a standard value of 272.0(3) be employed for N( 
Sources of isotopic reference materials
Isotope reference materials are produced by National Metrology Institutes of many countries [84] . 
